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Bottom of Chip

Basic Functions

Read Out Controller
CEU Clock Generator
Command Decoder
Configuration Register
Time Stamp Generator
Reset Generator

Test Logic
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Read Out Controller

Readout Controller Statemachine
Serializer

Trigger Manager

Overflow Handler

Trigger Address Index Counter (TAI/TAC)
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Read Out Controller Statemachine

(dfouak == 57d0) L& empby

'empty && !'PRIO
ROCE_iat <= 1"bl;

(dlouat == 57d0) L& 'empti L& PRIO

dfcuat <= 5'dz5;
loadECGE it <= 1711;

lempts L& PRIO

dilouat €= 57d25;
loadECE_iat <= 1"b1;

dlouat <= dlouxt - 1;
shiftEaable <= 1'kl;

(dlount == 5'd0) L& 'empty L& !PRIO
ROCE _iat <= 1"kl;
dCouat <= 5S'dZ5;
loadData_iat <= 17kl;

(difguat == 57dl) && 'empby &&
ROCE_iat <= 1'bl;

'PRIC

(dlouat == 5'd0} && PRIC
difount = 57di5;
loadEOE_iat <= 1'kl1;

dCouat <= 5'dE5;
ROCE izt <= 1"bl;
loadbata_iat <= 17bl;

Compiler Directiven

Madule Declarations
reqg [4:0] dlouat;

dfount <= dlouat - 1;

dignala 3tatua shiftEaable <= 1'bl;

SIGITAL SCOPE DEFAULT RESET STATUS
ROCE oUT o FEG
loadbata ouUT o FEG
loadECE ouUT u} EEG
shiftEaable OUT a OOMB
dlouat InT 5rdo 5'd0 EEG

(dlount == 5'd0) L& !'BRIO
FOCKE_iat <= 1"bl;
dlount <= 5"dE5;
loadData_iat <= 17kl;

rdCount == 5°dl) && !PRIO
ROCKE_int <= 1"bl;
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Serializer

module gmSDOut2(SDO, XCK, resetB, loadData, loadEOE, ADDRout, TAC,
Tot, shiftEnable, fifoErr, parity_warning);
output SDO;
input XCK, resetB, loadData, loadEOE, shiftEnable,
fifoErr, parity_warning;
input [12:0] ADDRout;
input [7:0] Tot;
input [3:0] TAC;
reg [25:0] shiftOut;

wire fErrPar;
wire [25:0] datalnt;

assign SDO = shiftOut[25];
assign fErrPar = ~(fifoErr | parity_warning);

assign datalnt = {1’b1, TAC[3:0],
loadEOE ? {3bl11, fErrPar, 2'b00, parity_warning, fifoErr} : ADDRout[7:0], ADDRout[12:8],Tot[7:0]};

always @(posedge XCK or negedge resetB) begin
if (!resetB) shiftOut <= 26b0;
else if ( loadData | loadEOE ) shiftOut <= datalnt;
else if ( shiftEnable ) shiftOut <= shiftOut << 1;
else shiftOut <= 26’b0;

end

endmodule

June 6, 2001 Atlas Pixel Collaboration



Trigger Manager + Self Trigger

LL == 1'k1

= L
salftrig == 1'b0

salftrig == L'kl

trigger int <= L1 & ~full;

hit == 1'hl

(count [B]

1'bl) && (width == count[2:0])
Compiler Directives

Module Daclarations
reg [6:0] count;

Signals Status

SIGHAL SCOPE DEFAULT BESET STATUS
trigger JUT 0 0 REG
count INT T hO00000L T hO0O0OO001L  BEG

count <= count + L;
trigger_int <= count[k] & ~full;

June 6, 2001 Atlas Pixel Collaboration 6



Overtlow Handler

module gmOverflowHandler(XCK, resetB, Ovfl, Error);
output Error;
input XCK, resetB, Ovfl;

reg [7:0] ;
assign Error = ~q[7];

always @ (posedge XCK or negedge resetB)
if (IresetB)
q = 8’b10000000;
else if (Ovfl)
q = 8’b00000000;
else if (Error)

q=q+1;

endmodule
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Trigger Address

Maximum # of events waiting for readout 1s 16.

2 pointers implemented as 2 5-bit counters keep
track of the # of events which are waiting to be
read out. The Sth bit 1s used to determine 1if an
overflow has occurred.

In previous versions of the chip this was also used
as the read/write pointer for the FIFO to store the
LE data for the TOT calculation. The TOT
calculation has been moved to the column, so this

will most likely change ...
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CEU Clock Generator
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CEU Clock Generator

(z81[1:0] == 2°b01) || (2el[1:0] == 2°b10 olk20 10 < 17B1;

gel[l] == 17hb0

zel[l] — 1°b1

clk20_10 <= 1°bl;

Move to columns, same
state-machine as “Write
Pulse Generator”

Compiler Directives

Bignale 2tatus
SIGIAL S00OFE DEFAULT EESET STATUS
clkE0d 10 ouT 1°b0 COME
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ctriclk

Command Decoder
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Command Decoder

module gmMainCtrl(cck, resetB, load, ga, serin, pixClk, regClk, cmd,
chipSelect, serout); input cck, resetB, load, serin;

input [3:0] ga;

output  pixClk, regClk, chipSelect, serout;

output [18:0] cmd;

reg chipSelect;

reg [18:0] cmd;

reg [23:0] shiftReg;

wire ctrlCIk, shiftClk, match, loadCIlk;

assign ctrlClk = cck & ~load;

assign shiftClk = cck & load;

assign match = (ga == shiftReg[3:0]) | shiftReg[4];
assign loadClk = match & load;

assign serout = shiftReg[23];

assign regClk = cmd[1] & shiftClk;

assign pixClk = cmd[4] & shiftClk;

always @(posedge ctrlClk or negedge resetB)

begin
if (IresetB) shiftReg <= 24'b000000000000000000000000;
else shiftReg <= {shiftReg[22:0],serin};

end

always @(posedge load or negedge resetB)
begin

if (IresetB) chipSelect <= 1b0;

else chipSelect <= match;
end

always @(posedge loadClk or negedge resetB)
begin
if (IresetB) cmd <= 19°’b0000000000000000000;
else cmd <= shiftReg[23:5];
end

endmodule

Atlas Pixel Collaboration
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Configuration Register

module gmConfigReg(clk, resetB, load, readBack, serln, serOut, parityln,parityOut, configReg);
input clk, resetB, load, readBack, serIn, parityln;

output serOut, parityOut;

output [22:0] configReg;

reg [22:0] shiftReg, configReg;
assign serOut = shiftReg[22];

assign parityOut = *{parityln, configReg};
always @ (posedge clk or negedge resetB or posedge readBack)

begin

if (IresetB) shiftReg <= 23’b00000000000000000000000;
I else if (readBack) shiftReg <= configReg;

else shiftReg <= {shiftReg[21:0], serIn};
end

always @ (load or shiftReg or resetB)
if (IresetB) configReg <= 23’b00000000000000000000000;
else if (load) configReg <= shiftReg;

endmodule
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Time Stamp Generator

module gmGrayGenerator(xck, resetB, latency, tsc, tsi);
input xck, resetB;

input [7:0] latency;

output [7:0] tsc, tsi;

reg [7:0] tsc, tsi;
reg [7:0] g;

always @(posedge xck or negedge resetB)
begin
if (IresetB) begin
tsc <= bin2gray(-latency);
tsi <= 8'b00000000;
q <= 8b00000000;
end
else begin
tsi <= bin2gray(q);
tsc <= bin2gray(q - latency);
q <=q+1;
end
end

function [7:0] bin2gray;
input [7:0] b;
integer 1i;
begin
bin2gray[7] = b[7];
for(i=6;i>=0;i=1i-1)
bin2gray|[i] = b[i] ~ b[i+1];
end
endfunction

dmodul ; 1
endmodule Atlas Pixel Collaboration
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Reset Generator

module gmResetGenerator(xck, resetpinB, syncB, cmdReset, hardResetB, softResetB);
input xck, resetpinB, syncB, cmdReset;
output hardResetB, softResetB;

reg [4:0] q;
reg hardResetlnt, softResetlInt;

assign hardResetB = resetpinB & ~hardResetlInt;
assign softResetB = resetpinB & ~softResetInt & ~cmdReset;

always @ (posedge xck or negedge resetpinB)
if (resetpinB) q <= 5’b00000;
else if (syncB) q <= 5’b00000;
elseq<=q+1;

always @ (posedge xck or negedge resetpinB)
if (IresetpinB) begin
hardResetInt <= 1b0;
softResetInt <= 1b0;
end
else begin
hardResetInt <= ~syncB & (q[4] | hardResetInt);
softResetInt <= ~syncB & (q[3] | softResetInt);
end

endmodule
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Test Logic

In the previous chip two multiplexors were
added to be able to look at some of the internal

nodes of the chip.

Not decided yet what to do for the FEI chip.
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Summary

To do:

- Adapt some of the Verilog descriptions
- Detailed Verilog Simulations

- Synthesis

- Place & Route

- Verilog Simulations with back-annotation
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